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Performance Analysis on Non-Perfect
SIC in NOMA
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ABSTRACT

We  present non-orthogonal multiple access
(NOMA) with non-perfect successive interference
cancellation (SIC). It is shown that the performance
of non-perfect SIC NOMA is almost the same as
that of perfect SIC NOMA for the power allocation
factor less than 20 %. However, the performance of
non-perfect SIC NOMA becomes worse than that of
perfect SIC NOMA for the power allocation factor
greater than 20 %. Consequently, NOMA should be

designed to take into account non-perfect SIC.
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I. Introduction

As a promising candidate for the fifth generation
(5G) mobile networks, non-orthogonal multiple
access (NOMA) has been considered for high
system capacity and low 1atency“’2’5"7]. In NOMA,
the performance is greatly dependent on the
successive interference cancellation (SIC). Recently,
the NOMA SIC receiver for a downlink channel is
implemented in [8]. However, in [8], only the
average  computation time for the SIC
implementation is presented by the simulation
without the derivation of analytical expressions. In
this paper, the performance of non-perfect SIC
NOMA is compared to that of perfect SIC NOMA
with the analytical expression derivation and we
show how non-perfect SIC affects the performance
of NOMA. The paper is organized as follows.
Section II defines the system and channel model. In

Section I, the performance of non-perfect SIC
NOMA is derived. In Section IV, the results are
presented and discussed. The paper is concluded in
Section V.

II. System and Channel Model

Assume that the total transmit power is P, the

power allocation factor is & with 0 < a <1 and
the channel gains are 7 and h, with |/?,1| > |h2 |
Then «P is allocated to the user-1 signal 1 and

(1 — )P is allocated to the user-2 signal Sz, with

E

= E“"’zf

2
‘51‘

= 1. The superimposed signal is

expressed by

z=~NaPs ++(1—a)Ps,. )

Before SIC is performed on the user-1 with the
better channel condition, the received signals of the

user-1 and the user-2 are represented as

n= |hl|\/£51 +<|h1|\1(1_0‘)P52 “'”1)
Ty, = |}12|\/(1701)Ps2 +(|h2|\/£sl +n2>

@

where ™ and T ~CN(0N,) are complex
additive white Gaussian noise (AWGN) and %, is
one-sided power spectral density. The notation
CN (1.%) denotes the complex circularly-symmetric
normal distribution with mean g and variance XZ. In
standard NOMA, SIC is performed only on the
user-1. Then the received signals are given by, with
perfect SIC,

Y = |h1|\/531 +n;

Y = 15

3

We consider the binary phase shift keying (BPSK)
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modulation, with 5,8, € {+1,—1}.
II. Non Perfect SIC Receiver

Standard NOMA assumes perfect SIC. However,
the SIC errors are inevitable due to the decoding
errors of the inter user-1 interference. The best we
can do for SIC is the maximum likelihood (ML)
decoding of the inter user-1 interference. Then we
consider the probability of errors for the user-1 with
non-perfect SIC as

P(l non— perfect SIC')
2 ML) (1; perfect SIC)
=[1-n)r
1 (2; ML; s,=+1, s,=+1) (1; non—perfect SIC; s,=+1, s, =+1)
4= > F>€ 2= 1 F>€ 2 1
42 1 P(2 ML; sy=+1, 5, :—I)P(l; non—perfect SIC; s,=+1, s, =—1)
9 e
(C))
1; perfect SIC) J
where Rz( perte ) is the probability of errors for

the user-1 with the perfect SIC, and PE(Q: ML) is the
probability of errors for the inter user-1 interference
with the ML decoding, which is expressed as

2; ML) 1

P( L) _ P(2 ML; 5, =+1, 5, =+1)

1 2 ML sy =+1,5,=—1)
e 2 e + ER " :
(&)
The probabilities of errors
P(l non—perfect SIC; s,=+1, s, =+1) and
e
1; non—perfect SIC; s, =+1, s, =—1 .
Pc( nonperfect SIG =0 =0 are for the user-1 with

non-perfect SIC, conditioned on (52 =+ls =+ 1)

+1 8 = *1), respectively. The reason
Pe(2; ML)

and (‘5’2 =
why these conditions are required is that

(1; non—perfect SIC)

and ‘Pe are not independent, while
2; ML 1; perfect SIC .
Pc( ) and P, ,( peIeet SO e independent. Then

Pe(1 pefeet SIO) 4 simply the probability of errors for

the BPSK modulation, for all «,

856

o[llalYoP
JN, /2

(1; perfect SIC)
P -

Q)

oo ] —
where Q) = j; EP

errors for the user-2 with the ML decoding over the

24
“. The probability of

weak channel 7 is presented in [3]. We present the

results over the strong channel by as the probability

(2; ML)

of error Pe for the inter user-1 interference,

with the conditioning, for a < 0.5,

@ ML) 1 (2 MLy s, =+1,5=+1)

L =5k
+%P(2 ML; sy =+1, 5, =—1)
1, I |VP(Ja—a)+Va)] (3
~3¢ JN, /2

1o [P (= - a)
2 N, /2

and for o« > 0.5,

P(Q; ML) _ P(Q; ML; s,=+1, s, =+1)

e

aal VR

P(Z ML; 5,=+1, 5,=—1)

ofImNG - P
VN()/
‘h‘\/—(\/_Jr«/lfa)
JN, /2
hl«/—(z«/Eer)” ®

2

+Q

We note that if the correct SIC is performed, the

decision region is represented by, for all «, for
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(32 =+l = —|—1),

n= [N = a)P =y >0 ©)

However, if the wrong SIC is performed, the

decision region is severely distorted as, for all «,

for (52 =tLs = +1),

no+ | [NA = )P =y + 2|l |1 - a)P > 0.

10)

The probabilities of errors

P(l; non— perfect SIC; s,=+1, s, =+1)
e and

P(l; non—perfect SIC; s,=+1, s, =—1)
e are given by

plis non—perfect SIC: 5, =+1, 3y =+1) _ Q[h’l@(@ +2J(1— W))]

' AN, /2
(1D
and
plli non—perfect SIC: 8, =+1,5,==1) _ ‘h’l ‘\/?(\/; -2y - Q))
' VN, /2

12)
These probabilities are calculated based on the

wrong SIC, for all «, for (82 =+ls = +1),

n o+ | NA—a)P <0 13

and for (52 =tls = 71)

>

o+ by |V = a)P >0 (14)

with the conditional probability density functions
(PDFs),

p[31|52751(rl | s, = +1s = +1)
(1 ~|m NP | Ja=a)P | (15)

2N, /2

1
27N, /2 ‘

and

qu‘stsl (Tl | 82 = +1’sl = _1)

<7i+‘h1 ‘\/Ef‘hl ‘\l(lfa)P)?

_ 1 2N, /2

TN, 2

For comparison, we present the probability of errors

16)

for the user-1 with the ML decoding over the strong
channel ; in [4] as follows, for o > 0.5,

P(l; non—SIC ML) _ lQ |hl |\/E<\/E N (1 - Oé))

1
+=
5@

|h1|\/F(\/;+«/(l—a)>
N

an

and for a < 0.5,

[P

N, /2

1] VP (VL= o) Vo)
N, 12

[P (L o) + o)
YE

1] VP (241~ a) - Ya)
NE

M?(NWNE)]
N, /2 |

P(l; non—SIC ML)

e =0

+

1
5@

(18)

IV. Results and Discussions

Assume that the channel gain is |h1| = 2.5 The

857

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-05 Vol.44 No.05

total transmit signal power to one-sided power
spectral density ratio is P /N, 0 =20, The
probabilities of errors with perfect SIC and
non-perfect SIC for the user-1 are shown in Fig. 1,
with different power allocations, 0 < a < 1. As
shown in Fig. 1, the performance of non-perfect SIC
NOMA is almost the same as that of perfect SIC
NOMA for the power allocation factor less than 20
%. However, the performance of non-perfect SIC
NOMA becomes worse than that of perfect SIC
NOMA for the power allocation factor greater than
20 %. We also show in Fig. 1 the performance of
non-SIC ML for the user-1 for comparison. It is
reasonable that the performance of non-perfect SIC
does not outperform that of non-SIC ML, because
ML is optimal in that it minimizes the probability of

€ITOorS.

Probability of error

1090 U1 ton—perfect SK 1

1; non - SIC ML)

Fig. 1. Probabilites of errors with perfect SIC,
non-perfect SIC, and non-SIC ML for the user-1.

V. Conclusion

We presented NOMA with non-perfect SIC. It
was shown that the performance of non-perfect SIC
NOMA is almost the same as that of perfect SIC
NOMA for the power allocation factor less than 20
%. However, the performance of non-perfect SIC
NOMA became worse than that of perfect SIC

858

NOMA for the power allocation factor greater than
20 %. In result, NOMA should be designed with

consideration of non-perfect SIC.
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